Off-axis electron holography provides a direct means of retrieving the phase of the wavefield in a transmission electron microscope, enabling the measurement of electric and magnetic fields at length scales from microns to nanometers. To maximise the precision of the technique, it is important to acquire holograms using experimental conditions that optimise the phase resolution for a given spatial resolution. These conditions are determined by a number of competing parameters, especially the spatial coherence and the instrument stability.
Off-axis electron holography provides a direct means of retrieving the phase of the wavefield in a transmission electron microscope, enabling the measurement of electric and magnetic fields at length scales from microns to nanometers. To maximise the precision of the technique, it is important to acquire holograms using experimental conditions that optimise the phase resolution for a given spatial resolution. These conditions are determined by a number of competing parameters, especially the spatial coherence and the instrument stability.
Here, we describe a simple, yet accurate, model for predicting the dose rate and exposure time that give the best phase resolution in a single hologram. Experimental studies were undertaken to verify the models of spatial coherence and instrumental instabilities that are required for the optimisation. The model is applicable to holography in both standard mode and Lorentz mode, and it is relatively simple to apply.
In light of the considerable body of literature describing the factors governing the phase resolution in electron holography [1] [2] [3] , we emphasize that we kept the models of spatial coherence and instrument instabilities as simple as possible. In addition, we have evaluated the performance of a state-of-the-art direct detection camera (DDC) for electron holography, and compare its performance in various operational modes with a conventional integrating charge coupled device (CCD) camera.
We found that the commonly-used Gaussian model [2] is not suitable to describe the spatial coherence, and instead a bivariate Cauchy distribution convoluted with a Gaussian distribution is better suited. The fringe movement due to instabilities is well-modelled by the Langevin theory of Brownian motion, which improves upon previous models [4] [5] since it is applicable to the practical range of exposure times used in experiments. These models can be determined with two data sets with a fixed biprism voltage and magnification: an intensity series (Fig. 1) to determine the spatial coherence and a time series (Fig. 2) to determine the time-dependent visibility. The optimum dose rate and exposure time (not considering specimen instabilities) for other combinations of biprism voltages and magnifications can then be predicted.
The comparison of the phase errors at the optimum conditions (at 300kV) between a conventional CCD camera (UltraScan, Gatan) and a DDC camera (K2, Gatan) for a given exposure time (1sec) shows a two-fold reduction in the phase error. This improvement is largely due to the improvement of DQE and MTF offered by the DDC. This suggests that the use of DDC can have significant advantages in the application of electron holography. 
